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An impedance transformer for use with a quadrature passive
mixer 1s disclosed. In an exemplary embodiment, an appara-
tus mcludes a mixer configured to generate an up-converted
signal at a mixer output port in response to local oscillator
(LO) signals, and an impedance transformer configured to
provide a complex impedance at the mixer output port. The
complex impedance configured to generate a selected level of
the reverse isolation for the mixer thereby generating a
selected amplitude flatness symmetry characteristic for the
up-converted signal.
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1000

1002

Means for upconverting a signal 1n response to local
oscillator (LO) signals to generate an upconverted
signal at an output port

1004

Means for providing a complex impedance at the
output port, the complex impedance configured

{o generate a selected level of reverse isolation
for the means for upconverting

FIG. 10
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IMPEDANCE TRANSFORMER FOR USE
WITH A QUADRATURE PASSIVE CMOS
MIXER

BACKGROUND

1. Field

The present application relates generally to the operation
and design of analog front ends, and more particularly, to the
operation and design of direct conversion transmitters that
utilize passive mixers.

2. Background

Direct conversion transmitters typically use active mixers
to up-convert baseband signals to radio frequencies (RF).
Active mixers provide high conversion gains and excellent
1solation between the mixer’s mput and output ports. How-
ever, active mixers typically require large power supplies and
may have problems with noise performance.

Passive mixers address some of the problems exhibited by
active mixers. For example, passive mixers can operate with
smaller power supplies and exhibit better noise performance
than active mixers. However, passive mixers typically do not
provide the same reverse 1solation as active mixers. Thus,
passive mixers are generally not used in direct conversion
transmitters due to the interaction of the complex impedances
on the mixer’s baseband and RF ports, which may atffect the
amplitude flatness symmetry across the transmission band.

Theretfore, 1t would be desirable to have a way to utilize a
passive mixer in a direct conversion transmitter that over-
comes the problems associated with reverse 1solation
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects described herein will become more
readily apparent by reference to the following description
when taken 1n conjunction with the accompanying drawings
wherein:

FIG. 1 shows a conventional quadrature CMOS passive
mixer for use 1n a transmitter:;

FIG. 2 shows an exemplary embodiment of a direct con-
version transmitter front end suitable for use 1n a wireless
device;:

FIG. 3 shows an exemplary graph showing a plot of an RF
signal that illustrates an amplitude flatness symmetry charac-
teristic;

FIG. 4 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer and impedance
transformer:

FIG. 5 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer and impedance
transformer;

FIG. 6 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer and impedance
transformer;

FIG. 7 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer and impedance
transformer;

FIG. 8 shows an exemplary Smith chart that illustrates a
range ol complex impedances provided by an impedance
transiformer to generate a selected amount of reverse 1solation
for a quadrature CMOS passive mixer;

FI1G. 9 shows another exemplary embodiment of an 1imped-
ance transformer that provides frequency tuning and filtering;
and
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2

FIG. 10 shows an exemplary embodiment of an impedance
transformer apparatus.

DETAILED DESCRIPTION

The detailed description set forth below in connection with
the appended drawings 1s intended as a description of exem-
plary embodiments of the mvention and 1s not mtended to
represent the only embodiments 1n which the invention can be
practiced. The term “exemplary” used throughout this
description means “serving as an example, istance, or 1llus-
tration,” and should not necessarily be construed as preferred
or advantageous over other exemplary embodiments. The
detailed description includes specific details for the purpose
of providing a thorough understanding of the exemplary
embodiments of the mvention. It will be apparent to those
skilled 1n the art that the exemplary embodiments of the
invention may be practiced without these specific details. In
some 1nstances, well known structures and devices are shown
in block diagram form 1n order to avoid obscuring the novelty
of the exemplary embodiments presented herein.

FIG. 1 shows a conventional quadrature CMOS passive
mixer 100 for use 1n a transmitter. The mixer 100 comprises
CMOS switches 102, 104, which process an in-phase base-
band signal (Vz; I). The mixer 100 also comprises CMOS
switches 106, 108, which process a quadrature phase (Q)
baseband signal (V5 Q). The CMOS switches 102,104,106
and 108 are controlled by local oscillator (LO) clock signals
(LO_LLO_Q,LO_IB,and LO_QB) to generate an RF output
signal (RF ,, ) at output terminal (or port) 110. On the base-
band side of the mixer 100, complex impedances Z;; 1112
and 7z, Q 114 are presented to the inputs of the mixer 100.
On the RF side of the mixer 100, the complex impedance 7., .
116 1s presented to the RF output port 110 of the mixer 100.

A timing diagram 118 shows the L O signals 1n detail. Each
of the LO si1gnals have a low level (inactive) and a high level
(active). When an LO signal 1s at a high level, the CMOS
switch 1t 1S connected to 1s “turned on”, and when at a low
level, the CMOS switch 1s “turned off”” Thus, four phases (®1,
®2, O3, ®4) of the LO signals can be defined, where 1n each
phase only one of the LO signals 1s active (at a high level).

Typically, the mixer 100 provides poor reverse 1solation
since a series of sequential clock events (1.e., LO phases) may
degrade the desired 1solation of the baseband I and Q) signals
from the RF output. As an example, it will be assumed that the
baseband signal (Vg5 1) 1s converted to an RF signal that
appears at the RF output terminal 110 during in-phase clock-
ing (phase ®1) ofthe LO signals, as shown by path 120. If this
RF signal 1s present during the next or adjacent “quadrature™
clock phase (phase ®2 indicated at 122), there 1s an opportu-
nity for this RF signal to return to the “quadrature” baseband
input through the CMOS switch 106 during the phase ®2
“quadrature” clock. For example, during phase ®2 of the LO
clock signals, the Q baseband signal passes through transistor
106 to the RF output terminal 110 as shown by path 124. Any
RF signal at terminal 110 that remains from the previous
in-phase clock (phase ®1) can now pass back through the
CMOS transistor 106 to the baseband impedance Z 5, Q 114,
as shown by path 126. The tlow of RF signals stored at the RF
output terminal 110 back through the switches of the mixer
100 may repeat through multiple LO phases until the original
baseband signals degrade to the point where they are indis-
tinguishable from thermal noise.

For signals to be present at the RF port of the mixer 100 at
the start of a clock phase, the impedance 7, - 116 presented to
the mixer needs to store energy over a duration that 1s longer
than the on-state of the previous clock phase. This can occur
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when the complex RF impedance (7, ~) has a large imaginary
impedance component relative to its real impedance compo-
nent.

The imaginary impedance component of the baseband
impedance (7 55) will act sitmilarly to that of the RF imaginary
impedance component as 1t will store signals from previous
L.O clock phases and add this stored contribution or “signal
persistence” to the baseband signals in future LO phases.

The imaginary portion of the RF impedance (7 ) and the
magnitude of the imaginary component relative to the real
impedance (1.€., a resistor) are related to the amount and the
duration of the energy storage. The stored energy can be 1n the
form of a current and/or a voltage. Since the passive CMOS
switch of the mixer 100 that 1s enabled during an on-state LO
phase 1s little more than a resistor connecting the RF and
baseband ports, the signal can flow through the switch when
the voltage potential present on one side 1s greater than the
other.

As a result of the poor reverse 1solation performance of the
mixer 100, the RF output may experience degraded amplitude
flatness symmetry. As discussed in further detail below,
exemplary embodiments of a quadrature CMOS passive
transmit mixer are disclosed that overcome the problems
associated with reverse 1solation that are present 1n conven-
tional mixers like the mixer 100 shown in FIG. 1.

FIG. 2 shows an exemplary embodiment of a direct con-
version transmitter front end 200 suitable for use 1n a wireless
device. The front end 200 comprises an exemplary embodi-
ment of a quadrature CMOS passive transmit mixer 204, a
baseband impedance (7 ) 202 presented to a baseband port
of the mixer 204, an RF impedance (7, ~) 206 presented to an
RF port of the mixer 204, and a downstream device 208. The
RF impedance 206 1s also referred to herein as an “1impedance
transformer”. The downstream device 208 1s a downstream
device 1n the transmit chain, such as a bulfer, 1solation stage,
driver amplifier or other transmit chain device.

The quadrature CMOS passive transmit mixer 204 1s con-
structed the same as the mixer 100 shown in FIG. 1 and
operates to recerve a baseband signal from a baseband pro-
cessor and up-converts this signal using L.O signals to gener-
ate RF signals for transmission. For example, the LO signals
may be the LO signals (LO_I, LO_Q, LO_IB and LO_QB)
shown in FIG. 1 that have the timing relationships as shown 1in
the diagram 118. In various exemplary embodiments, the
mixer 100 1s configured as a passive mixer having switches
that conduct when enabled and provide a substantially open
circuit when disabled. Furthermore, the switches utilized in
the mixer 100 comprise MOS switches (such as CMOS,
NMOS, or PMOS switches), but may also comprise field
elfect transistor (FE'T) switches, such as JFET or GaAs FET
switches.

Impedance Transformer Increases Isolation and Provides
Gain

In various exemplary embodiments, the impedance trans-
former 206 1s configured to increase or generate a selected
level of reverse 1solation for the mixer 204 and to provide
gain. For example, the impedance transformer 206 presents
the RF port of the mixer 204 with a complex impedance that
1s configured to control the amount of signal energy stored at
the mixer’s RF output port between LO phases thereby
increasing the reverse isolation of the mixer 204. Further-
more, the impedance transformer 206 transforms the 1imped-
ance at the RF port from low to high and thus provides a
voltage gain. Utilizing just a resistor will not provide such a
gain, and if a resistor were to be used, the gain would have to
be adjusted with an additional active stage thus degrading
signal to noise performance.
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In an exemplary embodiment, the impedance transformer
206 1s configured to reduce or eliminate the signal energy
stored during an LO clock phase so that this energy will not
flow back through the CMOS switches of the mixer 204 to the
baseband side during a subsequent LO clock phase. For
example, the real and imaginary parts of the RF impedance
(7. ) are configured to reduce, eliminate and/or control the
amount of stored energy at the RF port that can flow back
through the mixer 204 during a subsequent LO clock phase.

Therefore, 1n various exemplary embodiments, the imped-
ance transformer 206 1s configured to set the complex imped-
ance of the RF side of the mixer 204 to generate a selected
level of reverse 1solation and thereby generate a selected
amplitude flatness symmetry characteristic across a selected
transmission band.

FIG. 3 shows an exemplary graph 300 showing a plot 302
of an RF signal that illustrates an amplitude flatness symme-
try characteristic. The graph 300 has a vertical axis represent-
ing amplitude and a horizontal axis representing frequency.
The graph 300 can be used to determine an amplitude flatness
symmetry characteristic of the RF output of a mixer over a
selected frequency range. The selected frequency range 1s
defined as the frequency range between trequencies (1, and
t5), which has a center frequency (C)).

Amplitude flatness symmetry 1s defined as the amplitude
variation across equal distant but opposite frequency oilsets
from the center of a selected frequency range. As 1llustrated 1in
the graph 300, the amplitude flatness symmetry characteristic
of the RF signal 1s determined by the change 1mn amplitude
(A,-A ) that occurs over the selected frequency range defined
by 1, and 1,. In various exemplary embodiments, the imped-
ance transiformer 206 1s configured to present a complex
impedance to the RF port of the mixer 204 that improves
reverse 1solation and provides a selected amplitude flatness
symmetry characteristic.

FIG. 4 shows an exemplary detailled embodiment of a
quadrature CMOS passive transmit mixer 402 and impedance
transformer 404. For example, the mixer 402 and impedance
transformer 404 are suitable for use as the mixer 204 and
impedance transformer 206 shown in FIG. 2. In this exem-
plary embodiment, the mixer 402 provides a single ended
output.

The impedance transformer 404 comprises input terminal
406 that recerves the single ended output of the passive mixer
402. The impedance transtormer 404 1s coupled to an output
port 408 that produces output signals that are input to down-
stream components of a transmitter chain, for example, the
downstream component 208 shown 1n FIG. 2.

In an exemplary embodiment, the impedance transformer
404 comprises a first inductor (L. 1) connected to the terminal
406 and a capacitor (C1) connected between the inductor L1
and a signal ground. A first terminal of capacitor C2 1s con-
nected to the mductor L1 and the capacitor C1. A second
terminal of the capacitor C2 forms the output port 408. Thus,
in this exemplary embodiment, the impedance transformer
404 comprises a series L-C configuration.

The impedance transtormer 404 operates to set the com-
plex impedance presented to the RF side of the mixer 402 to
increase or generate a selected level of reverse 1solation and
reduce or eliminate the availability of stored energy that may
flow back through the mixer 402 to the baseband side. By
setting the selected level of reverse 1solation of the mixer 402,
a selected amplitude tlatness symmetry characteristic across a
selected transmission band can be achieved.

FIG. 5 shows an exemplary detailled embodiment of a
quadrature CMOS passive transmit mixer 502 and impedance
transformer 304. For example, the mixer 502 and impedance
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transformer 504 are suitable for use as the mixer 204 and
impedance transformer 206 shown 1n FIG. 2. In this exem-
plary embodiment, the mixer 502 provides a single ended
output.

The impedance transformer 504 comprises input terminal
506 that receives a single ended output of the passive mixer
502. The impedance transtormer 504 1s coupled to an output
port 508 that produces output signals that are input to down-
stream components of a transmitter chain, for example, the
downstream component 208 shown 1n FIG. 2.

In an exemplary embodiment, the impedance transformer
504 comprises a first capacitor (C1) connected to the terminal
506 and an inductor (LL1) connected between the capacitor C1
and a signal ground. A first terminal of capacitor C2 1s con-
nected to the inductor L1 and the capacitor C1. A second
terminal of the capacitor C2 forms the output port 508. Thus,
in this exemplary embodiment, the impedance transformer
504 comprises a series C-L configuration.

The impedance transtormer 504 operates to set the com-
plex impedance presented to the RFE side of the mixer 502 to
increase or generate a selected level of reverse 1solation and
reduce or eliminate the availability of stored energy that may
flow back through the mixer 502 to the baseband side. By
setting the selected level of reverse 1solation of the mixer 502,
a selected amplitude tlatness symmetry characteristic across a
selected transmission band can be achieved.

FIG. 6 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer 602 and impedance
transformer 604. For example, the mixer 602 and impedance
transformer 604 are suitable for use as the mixer 206 and
impedance transformer 206 shown 1n FIG. 2. In this exem-
plary embodiment, the mixer 602 provides a differential out-
put.

The impedance transformer 604 comprises input terminals
606 that receive a differential output of the passive mixer 602.
The impedance transtormer 604 1s coupled to an output port
608 that outputs signals that are input to downstream compo-
nents of a transmitter chain, for example, the downstream
component 208 shown 1n FIG. 2.

In an exemplary embodiment, the impedance transformer
604 comprises a first inductor (IL1), a capacitor (C1), and a
second 1nductor (L2) connected 1n series across the input
terminals 606. A capacitor C2 1s connected to a first terminal
of the capacitor C1, and a capacitor C3 1s connected to a
second terminal of the capacitor C1. The output port 608 1s
provided between the secondary terminals of capacitors C2
and C3. Thus, 1n this embodiment, the impedance transformer
604 comprises a series L-C-L configuration. In an exemplary
alternate embodiment, the inductor L2 i1s omutted and
replaced with a short circuit.

The impedance transtormer 604 operates to set the com-
plex impedance presented to the RF side of the mixer 602 to
increase or generate a selected level of reverse 1solation and
reduce or eliminate the availability of stored energy that may
flow back through the mixer 602 to the baseband side. By
setting the selected level of reverse 1solation of the mixer 602,
a selected amplitude flatness symmetry characteristic across a
selected transmission band can be achieved.

FIG. 7 shows an exemplary detailed embodiment of a
quadrature CMOS passive transmit mixer 702 and impedance
transiformer 704. For example, the mixer 702 and impedance
transformer 704 are suitable for use as the mixer 204 and
impedance transformer 206 shown 1n FIG. 2. In this exem-
plary embodiment, the mixer 702 provides a differential out-
put.

The impedance transtformer 704 comprises input terminals
706 that recerve a differential output of the passive mixer 702.
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The impedance transformer 704 1s coupled to an output port
708 that produces output signals that are input to downstream
components of a transmitter chain, for example, the down-
stream component 208 shown 1n FIG. 2.

In an exemplary embodiment, the impedance transformer
704 comprises a {irst capacitor (C1), an inductor (IL1) and a
second capacitor (C2) connected in series across the input
terminals 706. A capacitor C3 1s connected to a first terminal
of theinductor LL1, and a capacitor C4 1s connected to a second
terminal of the inductor 1. The output port 708 1s provided
between the secondary terminals of capacitors C3 and C4.

Thus, 1n this embodiment, the impedance transtformer 704
comprises a series C-L-C configuration. The impedance
transformer 704 operates to set the complex impedance pre-
sented to the RF side of the mixer 702 to increase or generate
a selected level of reverse 1solation and reduce or eliminate
the availability of stored energy that may tlow back through
the mixer 702 to the baseband side. By setting the selected
level of reverse 1solation of the mixer 702, a selected ampli-
tude flatness symmetry characteristic across a selected trans-
mission band can be achieved. In an exemplary alternate
embodiment, the capacitor C2 1s omitted and replaced with a
short circuit.

FIG. 8 shows an exemplary Smith chart 800 that i1llustrates
an optimal range of complex impedances that can be provided
by the impedance transformer 206 to increase the reverse
1solation of a quadrature CMOS passive mixer. The Smith
chart 800 represents the real impedance 1n the horizontal
direction (equator) and the 1maginary impedance 1n the ver-
tical direction. As disclosed above, the impedance trans-
former 206 1s set to reduce or eliminate energy storage at the
RF side of the mixer so that RF signal energy stored during a
first LO clock phase does not flow back through the mixer
during an adjacent subsequent LO clock phase. For example,
il less RF signal energy is stored, then less energy can flow
back through the mixer to the baseband port. To accomplish
this, the imaginary impedance component of the impedance
(Z.-) provided by the impedance transformer 1s set to be
within the cone shaped region 802 shown on the Smith chart
800. The region 802 1s defined by lines 804, 806, which
represent constant reactance. The line 804 above the equator
of the chart represents the positive reactance and the line 806
below the equator represents negative reactance. The closer
the lines are to the equator the lower the reactance. Thus, the
reactance 1s equal to the imaginary component of Z ..

Based on the frequency range of operation of the quadra-
ture CMOS passive mixer, an impedance value for Z,,.
selected from within the region 802 will increase or generate
a selected level of reverse 1solation for the mixer. In an exem-
plary embodiment, the value of the imaginary component of
/- 1s chosen to be within the region 802 to generate a
selected amplitude flatness symmetry characteristic. Thus,
the Smith chart 800 represents an example of a given optimal
range to achieve level amplitude tlatness symmetry. The
closer the cone shape 1s to the equator of the Smaith chart 800,
the flatter the signal will be because the impedance becomes
more real. However, using a complex impedance provides a
desired amount of gain which eliminates the need for addi-
tional gain stages that degrade performance. For example, the
region 802 defined by the lines 804 and 806 may represent 0.5
dB of flatness across 40 MHz, but to obtain a 20 MHz band-
width and the same 0.5 dB flatness characteristic, the region
would be larger but still having a similar shape. As an approxi-
mation, the same shape that 1s determined for a band tlatness
symmetry of 0.5 dB over 40 MHz equates to 0.25 dB over 20
MHz and 0.125 dB over 10 MHz. A more detailed description

of the impedance selection for 7~ 1s provided below.
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L-C-L Exemplary Embodiment

For the L-C-L embodiment of the impedance transformer
shown 1n FIG. 6, the following equations can be utilized to
determine the values for Z , - to 1ncrease mixer reverse 1sola-
tion and generate a selected amplitude flatness symmetry
characteristic.

1 1
+ (ﬁ' (0 *Ll) + (ﬁ () F Lz) + Rserifs_pamsirfc ( )

pr =
RE JrwxCl

1{w? «C x (L1 + 12) (2)

Jrw=xCl

LRp =

SEFIES_Parasitic

(3)

LRrp = ZRF_FEG! + ﬁ " ZE‘F_Emaginfry

1 (4)
VLl +12)xCl1

Wro =

(9)

ZRF _real — R Series_parasitic

1 —(w* «C (L1 + 12) (6)

wx (1

ZRF_Emaginfry —

—w=*x (L1 +L2) ()

ZRF : : —
_IMAgIRErY % C1

Equations (1-7) above can be used to determine the real and
imaginary components of 7, .. at the resonant frequency m,
where R, ,,.s parasine 18 the series parasitic resistance of the
impedance transiformer.

C-L-C Exemplary Embodiment
For the C-L-C embodiment of the impedance transformer

shown 1 FIG. 7, the following equations can be utilized to
determine the values for 7~ to increase mixer reverse 1sola-
tion and generate a selected amplitude flatness symmetry
characteristic.

1 1 (3)

LRrp = ﬁ ez Cl + ﬁ ) + (ﬁ k() * Ll) + Rserifs_pamsiriﬂ
Cl+(C2+ (Rs.fries_pamsiric)(j xwxCl # CQ) - (9)
(w? %« L1 +C1 %« C2)
ZRp =

JrwxClx(C2

(JrwxLl«ClxC2) j=(Cl+ (C2)
Cl=(C?2  wxClxC2

(10)

LRr = RSEFfES_pGFG.SfIfﬂ +

LRF = ZHF_FE&.{ + ﬁ * ZHF_imaginfry (1 1)

1 (12)
i1 (C1$CQ]
“lcl+ 2

ZEF _real — Rserifs_ parasitic

o =

(13)

(wLl+Cl«C2)  (Cl +C2) (14)

Cl=C2 wxCl+(C2

ZRF_imaginw}r —

Equations (8-14) above can be used to determine the real
and 1maginary components of 7. at the resonant frequency
w,Where R ... o asinc 18 the series parasitic resistance ot the
impedance transformer.

FI1G. 9 shows another exemplary embodiment of an 1imped-
ance transformer 900. For example, the impedance trans-
tormer 900 1s suitable for use as the impedance transiformer
206 shown 1n FIG. 2.

The impedance transtormer 900 comprises inductor 902,

capacitor bank 906 and inductor 904 connected in series
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8

across input terminals 908. The capacitor bank 906 can gen-
crate a variable capacitance that can be set to tune the fre-
quency ol operation. The impedance transformer 900 also
comprises capacitor banks 910 and 912 that can be set to
capacitance values, which combine with the inductors 902,
904, respectively, to reject harmonics of the LO or RF signals.
In an exemplary embodiment, a baseband processor or other
entity at the device provides switch control signals 916 that
are configured to open and/or close switches of the capacitor
banks to set the appropriate capacitance values.

FIG. 10 shows an exemplary embodiment of an impedance
transformer apparatus 1000. For example, the apparatus 1000
1s suitable for use 1n the transmitter front end shown in FI1G. 2.
In an aspect, the apparatus 1000 1s implemented by one or
more modules configured to provide the functions as
described herein. For example, in an aspect, each module
comprises hardware and/or hardware executing software.

The apparatus 1000 comprises a first module comprising
means (1002) for upconverting a signal 1n response to local
oscillator (LO) signals to generate an up-converted signal at
an output port, which 1n an aspect comprises the quadrature
CMOS passive mixer 204.

The apparatus 1000 comprises a second module compris-
ing means (1004) for providing a complex impedance at the
output port, the complex impedance configured to generate a
selected level of reverse 1solation for the means for upcon-
verting, which 1 an aspect comprises the impedance trans-
former 206.

Those of skill 1n the art would understand that information
and signals may be represented or processed using any of a
variety of different technologies and techmiques. For
example, data, mstructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof. It 1s
further noted that transistor types and technologies may be
substituted, rearranged or otherwise modified to achieve the
same results. For example, circuits shown utilizing PMOS
transistors may be modified to use NMOS transistors and vice
versa. Thus, the amplifiers disclosed herein may be realized
using a variety of transistor types and technologies and are not
limited to those transistor types and technologies illustrated
in the Drawings. For example, transistors types such as BJT,
GaAs, MOSFET or any other transistor technology may be
used.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described 1n connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer soitware, or combinations of both. To clearly 1llus-
trate this interchangeability of hardware and software, vari-
ous 1llustrative components, blocks, modules, circuits, and
steps have been described above generally 1n terms of their
functionality. Whether such functionality 1s implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may 1mplement the described functionality i vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the exemplary embodiments of the
invention.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), a Field Pro-
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grammable Gate Array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but 1n the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of amethod or algorithm described in connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside 1n Random Access Memory (RAM), flash
memory, Read Only Memory (ROM), Electrically Program-
mable ROM (EPROM), Electrically Erasable Programmable
ROM (EEPROM), registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the
art. An exemplary storage medium 1s coupled to the processor
such that the processor can read information from, and write
information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The proces-
sor and the storage medium may reside in an ASIC. The ASIC
may reside 1n a user terminal. In the alternative, the processor
and the storage medium may reside as discrete components 1n
a user terminal.

In one or more exemplary embodiments, the functions
described may be implemented 1n hardware, software, firm-
ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or transmitted over as
one or more 1nstructions or code on a computer-readable
medium. Computer-readable media includes both non-tran-
sitory computer storage media and communication media
including any medium that facilitates transter of a computer
program Irom one place to another. A non-transitory storage

media may be any available media that can be accessed by a
computer. By way of example, and not limitation, such com-
puter-readable media can comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that
can be used to carry or store desired program code 1n the form
of mstructions or data structures and that can be accessed by
a computer. Also, any connection 1s properly termed a com-
puter-readable medium. For example, if the soitware 1s trans-
mitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio,
and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

The description of the disclosed exemplary embodiments
1s provided to enable any person skilled 1n the art to make or
use the mvention. Various modifications to these exemplary
embodiments will be readily apparent to those skilled 1n the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the ivention. Thus, the imnvention 1s not intended to
be limited to the exemplary embodiments shown herein but 1s
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to be accorded the widest scope consistent with the principles
and novel features disclosed herein.

What 1s claimed 1s:

1. An apparatus comprising:

a mixer configured to recerve a baseband signal from a
baseband processor and to generate an up-converted
signal at one or more mixer output ports 1n response to
local oscillator (LLO) signals; and

an impedance transformer coupled to the mixer, the imped-
ance transformer including inductive-capacitive cir-
cuitry and having multiple output terminals configured
to generate a differential output signal applied to a
device 1n a transmit chain, the impedance transformer
including;:

a first inductor having a first terminal and a second
terminal, the first terminal coupled to a first differen-
tial output port of the mixer; and

a first capacitor and a second inductor connected 1n
series between the second terminal and a second dii-
terential output port of the mixer.

2. The apparatus of claim 1, the mixer being configured as
a passive mixer having complementary metal oxide semicon-
ductor (CMOS) switches that conduct when enabled and that
provide an open circuit when disabled.

3. The apparatus of claim 1, the LO si1gnals including a first
L.O signal having a first phase, a second LO signal having a
second phase, a third LO signal having a third phase, and a
fourth LO signal having a fourth phase, the mixer including:

a first set of switches configured to process an 1n-phase
component of the baseband signal responsive to the first
L.O signal and the second LO signal; and

a second set of switches configured to process a quadrature
phase component of the baseband signal responsive to
the third LO signal and the fourth LO signal.

4. The apparatus of claim 1, the inductive-capacitive cir-
cuitry configured to provide a complex impedance at the one
or more mixer output ports to generate a selected level of
reverse 1solation for the mixer, and the inductive-capacitive
circuitry comprising an imaginary impedance component
configured to generate selected amplitude flatness symmetry
for the up-converted signal over a selected frequency range.

5. The apparatus of claim 1, the mductive-capacitive cir-
cuitry comprising an imaginary impedance component to
reduce storage of signal energy at the mixer output port dur-
ing a first duration associated with a first LO signal to reduce
an amount of the signal energy that flows from the mixer
output port back through the mixer during a second duration
associated with a second LO signal, the second LO signal
being subsequent to the first LO signal.

6. The apparatus of claim 1, the second terminal of the first
inductor being coupled to a first output terminal, a first ter-
minal of the second inductor being coupled to the second
differential output port of the mixer, and a second terminal of
the second inductor being coupled to a second output termi-
nal.

7. The apparatus of claim 1, wherein the up-converted
signal comprises a radio frequency signal, and further com-
prising a direct conversion transmitter and a driver amplifier
1in the transmit chain, the direct conversion transmitter includ-
ing the mixer and being configured to generate the up-con-
verted signal via a direct conversion from the baseband signal
to the radio frequency signal, and the driver amplifier config-
ured to recerve the radio frequency signal.

8. The apparatus of claim 1, the impedance transformer
further comprising a set of mput terminals configured to
receive the up-converted signal, wherein a number of input
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terminals of the impedance transiormer 1s the same as a
number of output terminals of the impedance transformer.

9. The apparatus of claim 1, the mixer comprising:

a first set of switches configured to process an in-phase

component of the baseband signal; and

a second set of switches configured to process a quadrature

phase component of the baseband signal.

10. An apparatus comprising:

means for upconverting a baseband signal 1n response to

local oscillator (LO) signals to generate an up-converted
signal at an output port, the baseband signal received
from a baseband processor; and

means for presenting an impedance at the output port, the

means for presenting having multiple output terminals

configured to generate a differential output signal

applied to a device 1n a transmit chain, the means for

presenting the impedance comprising:

first means for storing energy having a first terminal and
a second terminal, the first terminal coupled to a first
differential output of the means for upconverting; and

first means for storing charge and second means for
storing energy connected 1n series between the second
terminal and a second differential output of the means
for upconverting.

11. The apparatus of claim 10, further comprising means
for generating one or more switch control signals, the one or
more switch control signals being configured to selectively
enable one or more switches coupled to the means for pre-
senting the impedance, the impedance including a complex
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impedance associated with a selected level of reverse 1sola-
tion responsive to the one or more switches being selectively
enabled.

12. The apparatus of claim 10, the second terminal being
coupled to a first output terminal, the second means for stor-
ing energy coupled to the second differential output and
coupled to a second output terminal, wherein the means for
presenting the impedance further comprises:

second means for storing charge of the second terminal of

the first means for storing energy and coupled to the first
output terminal; and

third means for storing charge coupled to the second means

for storing energy and coupled to the second output
terminal.

13. A method comprising:

up-converting, at a mixer, a baseband signal in response to

local oscillator (LO) signals to generate an up-converted
signal at one or more output ports of the mixer, the
baseband signal received from a baseband processor at
the mixer;

applying a first differential output signal from the mixer to

a first 1input terminal of an impedance transformer, the
first input terminal coupled to a first terminal of a first
inductor; and

applying a second differential output signal from the mixer

to a second 1nput terminal of the impedance transformer,
the impedance transformer including a capacitor and a
second inductor connected 1n series between a second
terminal of the first inductor and the second 1nput termi-

nal.

.
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